Introduction {#s1}
============

Stroke is a leading cause of functional impairment, with 20% of survivors requiring institutional care for 3 months afterwards, and 15% to 30% being disabled permanently \[[@R01]\]. Report from the Global Burden of Disease Study 2010 including 188 countries between 1990 and 2013 showed that the absolute number of people affected by stroke in the world over that time period had increased significantly. It was also found that the prevalence nearly doubled for both ischemic and hemorrhagic stroke from 1990 to 2013 \[[@R02]\]. A review in 2016 has shown that over the past 4 decades, a statistical significant trend in stroke incidence rate declined in high-income countries (42%) but in low- to middle-income countries, it was increasing to greater than 100% trend over time \[[@R03]\]. In Thailand and other developing countries, changing of lifestyle and dietary results in the increased risk of cardiovascular diseases, particularly stroke. It is estimated that there are 250,000 new stroke cases each year \[[@R04]\]. The consequences after stroke are patients' life-time disability; however, because of a restricted national budget, such developing countries are able to afford a limited budget for the stroke care system, leading to the burden for patients and their families. Therefore, it is important for stroke care teams to be able to identify the variables after an acute care period, which can predict the optimal functional outcome of the patient. A number of studies, including systematic reviews \[[@R05]-[@R13]\], have attempted to identify prognostic variables at the functional outcome level in the subacute phase, in order to predict functional recovery from an early stage and consider a proper decision-making process. A systematic review in 2011 by Craig \[[@R07]\] revealed that age, severity of paresis including reduced leg power, presence of hemianopia, size of brain lesion and type of stroke were shown to be predictive factors of mobility outcome. Then in 2015 Meyer et al \[[@R08]\] also performed a systematic review of 27 studies with 63 multivariable models and reported predicting functional outcome, as measured by the Barthel Index (BI) or functional independence measure (FIM) after post-stroke rehabilitation. This review found that initial functional level (BI or FIM), National Institute of Health Stroke Scale (NIHSS), dysphagia, impulsivity, neglect (inattention perceptual deficit) and history of previous stroke and age were significant most frequently. However, avalid generalization of the result is still not clearly conclusive, due to many reasons such as the heterogeneity in methodology, especially different outcome measures and timing post stroke. Some studies are often concerned with inpatient rehabilitation \[[@R08], [@R11], [@R12], [@R14]-[@R18]\] which might gain benefits from intensive training during hospital admittance. The budget constraints and burden of cost for most individuals during hospitalization cause an early discharge as soon as medical conditions stabilize (i.e. blood pressure, neurological status, etc.). As a result, intensive rehabilitation settings could not be provided widely for all stroke survivors. The aim of this study was to identify predictors related to functional ability in the subacute period within 6 months after discharge from the acute stroke setting. Knowledge of variables that associate with recovery as the final outcome in the short term has been relevant, particularly in continuity of rehabilitation practices after the acute phase and in planning hospital discharge.

Methods {#s2}
=======

Subjects {#s2a}
--------

Retrospective data were reviewed from first-time ischemic stroke patients, who were admitted to the acute stroke at the Faculty of Medicine Hospital, Chiang Mai University from January 2010 to March 2015. Baseline characteristics, demographic data, stroke risk factors (i.e. prior transient ischemic attack (TIA), history of atrial fibrillation (AF), hypertension, dyslipidemia, etc.), co-morbidity and type of stroke were recorded on admission. Other independent variables were considered from previous evidences and clinical backgrounds, including motor assessment, stroke-related consequences, speech problems, facial palsy, dysphagia, perceptual deficit, apraxia, and complications from other causes that might affect recovery were recorded during hospitalization. All stroke-related variables were assessed during the first week after stroke and during 6 months post onset. Motor performance of upper and lower extremities was assessed by manual muscle testing.

Definition of variables and outcome {#s2b}
-----------------------------------

Perceptual deficit, unilateral neglect was assessed by observing patients' characteristics (failure to report or respond to stimuli presented to hemiplegic side or failure to perceive their body parts) and confirmed by conventional standardized subtest (i.e. line bisection or copy drawing test) \[[@R19]\]. Apraxia was assessed by observing patients' characteristics, including an inability to perform purposeful movements with one's arms or hands, errors when asked to demonstrate how to use an object or how to carry out actions involving a single or series of components of movements, and problems imitating abstract and symbolic gestures \[[@R20]\]. Speech and communication impairment were assessed via the problems in fluency, comprehension and repetition. Outcomes of this study were modified Rankin Scale (mRS), the measurement of global disability particularly physical disability; and the need for assistance,which was reported as a strong relationship with other clinical measurements of stroke severity and sensitivity in order to identify mild and moderate disability in acute stroke management \[[@R10], [@R21]\]. All variables and outcomes were assessed and recorded in medical data by certified neurologists or rehabilitation physicians. This study was approved by the Ethics Committee of the Faculty of Medicine, Chiang Mai University, Chiang Mai, Thailand (Research ID: NONE 2558-03123) on July 24, 2015.

Statistical analysis {#s2c}
--------------------

Descriptive statistics (frequency, percentage, mean and standard deviation) were used to describe the baseline characteristics and stroke risk factors. The Fisher's exact test or Student's *t*-test was performed where appropriate for comparison between groups, with a significance level of P \< 0.05. To develop a prediction model, the step-backward method of multivariable risk regression analysis was used with the generalized linear model to derive independent predictive variables. Firstly, all statistically significant demographic variables, pre-stroke risk factors and post-stroke complications with P \< 0.05 from univariable analysis or meaningful clinical variables were submitted to the multivariable analysis model. The final independent predictive variables from second backward stepwise regression were shown with the risk ratio (RR) and 95% confident interval (CI) in which P \< 0.05 indicated statistical significance. Functional recovery group was defined as the mRS score of 1- 3 (non-significant disability to moderate disability, but able to walk unassisted), whereas a score of 4 - 5 (moderately severe disability to severe disability) was defined as non-functional recovery group. All statistical analyses were performed with Stata software.

Results {#s3}
=======

Of 358 first-time ischemic stroke patients, who were admitted at the stroke unit from January 2010 to March 2015 and recruited into this study, 255 (71.2%) were classified as the functional recovery group (mRS score of 1 - 3) within 6 months after onset and 103 (28.8%) were non-functional recovery group (mRS score of 4 - 5), respectively \[[@R21]\]. Baseline demographics and clinical data among the two groups are shown in [Table 1](#T1){ref-type="table"}. Some variables were found to have statistical difference between the groups; the non-functional recovery group was more likely to have large artery atherosclerosis subtype, lower initial Glasgow coma scale (GCS) on hospital admission, higher prevalence of prior TIA, AF and other co-morbidities, and be at an old age.

###### Demographic Data, Premorbid Health Status and Stroke-Related Characteristics According to Functional Recovery at Baseline (n = 358)

  Characteristics                   Functional recovery (n = 255)   Non-functional recovery (n = 103)   P value                 
  --------------------------------- ------------------------------- ----------------------------------- --------------- ------- --------------
  Gender                            0.342                                                                                       
    Male                            135                             53.78                               47              47.47   
    Female                          116                             46.22                               52              52.53   
  Hemisphere                        0.525                                                                                       
    Left                            120                             47.81                               47              47.47   
    Right                           131                             52.19                               52              52.53   
  Subtype                           \< 0.001\*\*                                                                                
    Large artery, atherosclerosis   163                             64.94                               93              93.94   
    Cardio-embolism                 5                               1.99                                0               0.00    
    Small-vessel occlusion          83                              33.07                               6               6.06    
  Age, mean (± SD)                  63.0 (13.55)                                                        66.7 (11.91)            0.016\*
  BP                                                                                                                            
    Admission SBP, mean (± SD)      153.4 (29.27)                                                       157.1 (29.88)           0.187
    Admission DBP                   86.4 (19.33)                                                        86.9 (18.87)            0.652
  GCS                               13.7 (1.99)                                                         12.5 (2.46)             \< 0.001\*\*
  Prior TIA                         12                              5.33                                13              14.61   0.011\*
  Myocardial infarction             8                               3.69                                4               4.76    0.744
  Atrial fibrillation               62                              27.07                               47              50.54   \< 0.001\*\*
  Smoking                           58                              23.11                               24              24.24   0.892
  Alcohol                           32                              12.96                               16              16.16   0.486
  Co-morbidity                                                                                                                  
    Hypertension                    163                             67.92                               65              69.15   0.887
    Dyslipidemia                    129                             54.43                               55              57.29   0.551
    Diabetes mellitus               45                              19.57                               23              26.14   0.454
  Other co-morbidity                0.014\*                                                                                     
    One co-morbidity                74                              29.72                               28              28.28   
    Two or more co-morbidities      57                              22.89                               37              37.37   

GCS: Glasgow coma scale; TIA: transient ischemic attack. \*P \< 0.05, \*\*P \< 0.001.

When considering motor performance within 6 months post onset and stroke-related complications, it was found that motor performance of the hemiparetic arm and leg, communication and swallowing dysfunction and other complications, besides those that are stroke-related, were different statistically between patients in the functional recovery group and those in the non-functional one ([Table 2](#T2){ref-type="table"}).

###### Comparison of Motor Assessment and Post-Stroke Complications Between the Independent Functional Recovery Group (n = 255) and Non-Functional Recovery Group (n = 103)

  Characteristics                Functional recovery   Non-functional recovery   P value           
  ------------------------------ --------------------- ------------------------- --------- ------- ---------
  Follow-up motor assessment                                                                       
    MMT arm                      \< 0.001\*\*                                                      
      Grade 0 - 1                95                    24.70                     70        70.71   
      Grade 2 - 3                94                    37.45                     24        24.24   
      More than 3 +              62                    37.85                     5         5.05    
    MMT leg                      \< 0.001\*\*                                                      
      Grade 0 - 1                47                    18.73                     62        62.63   
      Grade 2 - 3                102                   40.64                     31        31.31   
      More than 3 +              102                   40.64                     6         6.06    
  Stroke-related complications                                                                     
    Aphasia                      \< 0.001\*\*                                                      
      Dysarthria                 100                   39.84                     37        38.14   
      Motor/sensory aphasia      31                    12.35                     9         0.001   
      Global aphasia             24                    9.56                      24        9.28    
  Dysphagia                      10                    4.00                      11        24.74   0.033\*
  Inattention                    14                    5.60                      11        11.22   0.107
  Apraxia                        4                     1.57                      1         0.97    1.000
  Depression                     9                     3.60                      9         9.18    0.042\*
  Other complications            \< 0.001\*\*                                                      
    One complication             50                    20.08                     24        24.24   
    Two or more complications    21                    8.43                      23        23.23   

MMT: manual muscle testing; \*P \< 0.05, \*\*P \< 0.001.

Prognostic factors for post-acute stage after stroke {#s3a}
----------------------------------------------------

By univariable analysis, age of over 75 years (P = 0.043), prior TIA (P = 0.026), history of AF (P \< 0.001) and other co-morbidities (P = 0.016), initial GCS on hospital admission (P = 0.001), motor arm and leg score (P \< 0.001), aphasia (P = 0.008), dysphagia (P = 0.034) and other complications besides those that are stroke-related (P \< 0.001) were found to associate with functional gain and entrance to the multivariable analysis generalized linear model ([Table 3](#T3){ref-type="table"}).

###### Independent Predictors of Functional Recovery Within 6 Months Post Stroke From the Univariable Analysis Generalized Linear Model

  Predictors            RR     95% CI        P value
  --------------------- ------ ------------- --------------
  Age over 75 years     1.30   1.00 - 1.69   0.043\*
  Prior TIA             1.98   1.10 - 3.56   0.026\*
  Initial GCS \< 12     2.02   1.35 - 3.03   0.001\*
  Atrial fibrillation   1.99   1.32 - 2.99   \< 0.001\*\*
  Co-morbidity          1.32   1.05 - 1.68   0.016\*
  Motor arm             2.95   2.11 - 4.11   \< 0.001\*\*
  Motor leg             2.84   2.09 - 3.87   \< 0.001\*\*
  Aphasia               1.38   1.09 - 1.76   0.008\*
  Dysphagia             1.97   1.05 - 3.69   0.034\*
  Other complications   1.51   1.19 -1.92    \< 0.001\*\*

RR: risk ratio; CI: confidence interval. \*P \< 0.05, \*\* P \< 0.001.

Significant variables from univariable analysis were then submitted to the multivariable analysis. Results of the multivariable analyses are shown in [Table 4](#T4){ref-type="table"}. The independent predictors for functional recovery in this setting were leg score of motor assessment within 6 months after onset with a risk ratio (RR = 1.92, 95% CI: 1.14 - 3.21, P = 0.013) followed by arm score (RR = 1.75, 95% CI: 1.02 - 3.01, P = 0.042) and age (RR = 1.36, 95% CI: 1.04 - 1.77, P = 0.025).

###### Independent Predictors of Functional Recovery Within 6 Months Post Stroke Using the Multivariable Analysis Generalized Linear Model

  Predictors         RR     95% CI        P value
  ------------------ ------ ------------- ---------
  Motor leg          1.92   1.14 - 3.21   0.013\*
  Motor arm          1.75   1.02 - 3.01   0.042\*
  Age more than 75   1.36   1.04 - 1.77   0.025\*

RR: risk ratio; CI: confidence interval. \*P \< 0.05.

Discussion {#s4}
==========

Most developing countries experienced the economic constraint thus limiting healthcare budget and leading to a trend of shortened hospital stay as well as an increasing demand for efficiency in the continuity of stroke care. This implies that knowledge about the prognosis for outcome regarding basic functional activities and mobility is of particular importance in optimizing stroke management \[[@R22]\]. The findings from this study seem to be consistent with previous prognostic studies, in that arm and leg motor ability \[[@R06], [@R08], [@R12], [@R16], [@R18], [@R23], [@R24]\] and age \[[@R08], [@R10], [@R17], [@R18], [@R25]-[@R28]\] have been identified as potential predictors of functional outcome. Based on a review by Hakkennes \[[@R18]\], most frequent predictors relating to acute hospital discharge were age, presence of hemiparesis, severity of impairment, and cognition and functional level post stroke. This study also found that motor improvement of the leg and arm and older age were independent predictors of functional outcome during 6 months post onset (RR of leg = 1.92, RR of arm = 1.75, and RR of age = 1.36; P \< 0.05). Regained use of the upper extremities was a predictor for hand function and activities of daily living (ADL) domains, and that of lower extremity motor function was a positive predictor for the functional mobility domain and total scores of health-related quality of life (HRQOL) outcomes \[[@R16]\]. Neural plasticity, the process of brain reorganization to compensate for injury, relies on a time-dependent mechanism, as it is increased over early weeks and decreased over months after a stroke, and the last step of recovery is based mainly on rehabilitative training \[[@R29], [@R30]\]. The findings of this study supported the importance of rehabilitative training strategies toward improving motor performance in the subacute period to enhance the mechanism of neuroplasticity \[[@R29], [@R30]\]. Although report recently from the Cochrane Database Systematic Review \[[@R31]\] could not conclude and support the positive effect of caregiver training on functional outcome after stroke, in our perspective for such limited rehabilitation resources in some countries, promoting continuity of rehabilitation in the community system and caregiver training should still be a part of discharge planning to help continuing the program for stroke.

It was not surprising that elderly people with a stroke are a negative factor when associated with functional gain. Age was one of the most frequent factors found to associate with poor functional outcome in a population-based study \[[@R11]\] and review \[[@R08]\]. It was suggested that when developing a multivariable model in functional outcome, age should be included in all of the identified models, and one of the variables that should be considered most in clinical practice \[[@R08]\]. Older patients were more likely to be discharged to accommodation with support rather than be discharged home \[[@R18]\]. Due to physiological changes, older individuals may have more cognitive deficits, more co-morbidity, and may experience strokes that impact different regions from those of younger patients \[[@R08]\], and care should be taken in elderly stroke patients, as they are at high risk of falling and other complications.

Some variables were not addressed in the final model of multivariable analysis: the presence of AF, prior TIA, co-morbidities, complications during admission, initial GCS less than 12 and consequences of stroke complications; aphasia and dysphagia were found to have association with functional recovery in univariable analysis. These factors were found to be significantly different among the functional and non-functional recovery groups ([Tables 1](#T1){ref-type="table"}, [2](#T2){ref-type="table"}). The presence of AF is a known factor affecting the ability of patients to exercise, and it was found that patients with AF were more likely to develop cardiac complications and it is also the cause of death from non-neurologic reasons \[[@R32]\]. However, the role of AF in functional outcome remains controversial, as evidenced by Mizrahi et al \[[@R33]\], who demonstrated from multiple linear regression, that despite discharge, the FIM score in non-AF was significantly higher when compared with AF patients, and AF was not found to be an independent predictor of functional gain during the rehabilitation period \[[@R33]\]. Prior TIA, or having a number of co-morbidities in addition to stroke risk factors, was found to relate to not achieving functional goals in some studies \[[@R18], [@R28], [@R34]\], which is consistent with the results of this study. The number of co-morbidities reflects health condition prior to stroke, including chronic medical issues such as chronic kidney disease, gout and degenerative arthritis, which may involve physical deficit due to stroke.

Aphasia and dysphagia were seen to associate with poor functional outcome in the univariable analysis. Global aphasia was the most serious communication problem found in 1/4 (24.74%) of the non-functional recovery group. This more likely supported earlier evidence that a severe type of aphasia is associated with the lower rate of functional recovery and HRQOL in stroke survivors \[[@R11], [@R26], [@R35]-[@R37]\]. Dysphagia, or difficulty in swallowing, was found to be one of the most frequent significant predictors of functional outcome by either the BI or FIM in a 2015 review \[[@R08], [@R38]\], as well as being reported for having increased association with pulmonary complications. In a review by Martino et al \[[@R39]\], stroke patients with dysphagia had increased risk of pneumonia (RR = 3.17, 95% CI: 2.07 - 4.87) and aspiration (RR = 11.56, 95% CI: 3.36 - 39.77). It was reported as the even greater risk for elderly stroke patients, as aging causes changes in muscle strength of the masticatory apparatus \[[@R39]-[@R41]\].

Although explored infrequently, univariable analysis identified patients with an initial GCS of less than 12, and those with other complications regarding stroke-related complications were a negative predictor for achieving functional improvement. Coma, impaired consciousness at hospital admission, was an important predictor of complications and short-term mortality \[[@R32], [@R42]\]. More medical complications post stroke, besides neurological complications, are associated with poor recovery in several studies \[[@R18], [@R28], [@R42], [@R43]\]. The most frequent complication found in this study was aspiration pneumonia, which is consistent with previous study \[[@R42]\].

Limitations

The limitations of this study result from its retrospective nature. The data might rely on the expertise of individual physicians, and perhaps some variables were omitted in some records causing an incomplete statistical analysis in some aspects. Based on clinical implication, cognitive impairment following stroke is common among older stroke patients, and the more severe the impairment is, the greater the effect on functional outcome would be, and measures of both physical and cognitive function were recommended in studies of stroke outcome \[[@R44], [@R45]\]. Balance at admission, as measured with the Berg Balance Scale, was found to have the strongest association with discharge functioning \[[@R45]\], and is a basic component needed for functional mobility, namely doing activities while sitting, transferring to a wheelchair and walking. Indeed, the initial ability to control the trunk while sitting at acute phase was an early predictor for subacute functional outcome \[[@R25], [@R46], [@R47]\]. Psychological or socio-demographic factors such as motivation, or patient and family background might have provided extra impact on functional status \[[@R48]\]. Finally, most of the patients in this study were from the acute stroke unit and were discharged after their medical status had stabilized. Therefore, shorter length of hospital stay as well as not receiving rehabilitative treatment from a professional rehabilitation team may result in worse outcome \[[@R28], [@R49]\]. Due to this limitation, interpretation should be taken with caution.

Conclusions {#s4a}
-----------

The independent predictors found in this study for functional recovery during 6 months post stroke were age and motor improvement, which is consistent with previous literature. Although our study did not shed a new light on prediction for functional recovery in stroke, it depicted and confirmed the previous results from other studies but in Thai population.
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